DURINGthe summer of 1935 Captain Nicholson of Saltash kindly put his motor-boat at my disposal and took me for seven full-day collecting trips on the estuaries of the Tamar and its confluents, the Tavy and Lynher. I also made some collections from land in the estuaries of the Plym andExe (S. Devon), Taw (N. Devon), Camel (N. Cornwall), and Towy (S. Wales). All collecting was done intertidally or in shallow water and was practically confined to the brackish-water reaches. No gear was used except a hand-net of stramin, and a zinc sieve of I-mm. mesh. More attention was paid to the Crustacean orders Tanaidacea, Isopoda, and Amphipoda than to the rest of the fauna, observations on which were only occasionally made.
G. 1. ORAWFORD. No salinity measurements were taken, since Percival (1929) had already recorded enough to give a general impression of salinity-range at various parts of the Tamar estuary, and I had not time for the periodic measurements necessary for a real understanding of the effect of salinity on the distribution of species.
FAUNA OF THE ESTUARIES.
Rivers Tamar, Tavy, and Lynher. An account of the Tamar and Lynher and their fauna has already been given by Percival (1929) . Some of his identifications, as I show on page 656, are probably incorrect.
In the followingsummary of my collecting the species are arranged in the order adopted in the Plymouth Marine Fauna (1931) . The localities are considered in order from the most to the least saline, and the rivers in the order Tamar, Tavy, Lynher. Their po~ition is shown in Fig. 1 Of these species those marked with an asterisk may be considered the truly brackish-water species, which do not occur normally in fully marine or freshwater conditions. Of the remainder G. pulex is a freshwater species (whose presence in Tamar fresh water deserves notice since it is not found in all rivers), and the rest are marine.
From a study of the habitats chosen by the species of Gammarus, it appears to me (as has been remarked by previous workers) that G. marinus inhabits a higher tidal level than G. locusta, and penetrates farther up the estuary. I can, however, make no general statement about the ecological relationships of the three brackish-water species which would accord with all the facts observed while collecting in this and other estuaries.
The drainage creeks running into these estuaries are usually fitted with a sluice, which is closed by the pressure of the rising tide. Above the sluice the creek is not subject to any considerable influx of salt-water, although the soil may be impregnated with salt, but the level of water rises forming a "freshwater tide." Conditions below these sluices of in " open creeks" are subject to the same fluctuations as those in the main channel.
Two special habitats should be mentioned. (i) The buoys, the weed on which contains a characteristic fauna of which the most noteworthy species are Oorophium acherusicum and J assafalcata, both marine species. In 267 specimens counted at random from Neille Point buoys there were found :-
Melita palmata Jassa falcata 2 Idotea vi'l'idis and Hyale nilssoni were also present.
(ii) The" Salting Cliff," or vertical face where the salt-marsh gives on to the mud-flats.
Paragnathia formica is found practically nowhere else: Orchestia gammarella, Sphaeroma rugicauda, and Oarcinus maenas are present in this and several other habitats.
1
River Plym.
All collecting from the Plym Estuary was done in the brackish-water ditches of Chelson Meadow on August 9, 1935. These drain by means of a sluice into the estuary of the Plym, at a point where it is practically an arm of the sea. Near the sluice the ditches contain a dense growth of Ruppia marina, from which the following species were washed :-
Leptocheirus pilosus, common. Melita palmata, a few.
Corophium insidiosum, abundant.
This fauna persisted in the larger ditches for some distance from the sluice. It was replaced in fresher water by the following :-Sphaeroma hoo1ceri,abundant. Gammarus chevreuxi. abundant. Corophium insidiosum, a few.
These three species penetrated, but not commonly, into water which contained a freshwater flora and insect larvre.
Gammarus zaddachi was not seen, and only one specimen of G. duebeni (in nearly fresh water). On occasions the latter species has been recorded as common, and Corophium volutator is known to be present.
River Eu.
Five collections were made in brackiSh water on July 21, 1935. 4. Dawlish Warren, stream with freshwater tide, drying out at low water, exposing mud flats. These species, except for Corophium volutator, were washed from Fucus and Enteromorpha.
Heterotanais orstedii form orstedii, 15~~, <?<? abundant. Cyathura carinata, 1 (presumably from mud around Fucus roots). Leptocheirus pilosus, common.
Gammarus dueben.i, common. Melita pellucida, several.
Corophium volutator, common in the mud.
The same stream below the sluice.
Leptocheirus pilosus, 1. Melita palmata, 6.
Gammarus sp., 2.
River Taw (Caen River).
On August 4, 1935, several collections were made on the estuary of the Caen River, a confluent of the Taw on its right bank. The results are enumerated below from the mouth upstream, that is in order of descending salinity, with the exception of a few isolated waters which are placed at the end of the section. Their position is shown in Figure 2. 1. Sand at L.W.M., at confluence with R. Taw. Eurydice pulchra,a few.
Haustorius arenarius,a few. Bathyporeiasp. indet.,estimated at 4,000 per sq. m. It seems that conditions at this point are nearly marine. n. Freshwater ditch.
G. zaddachi,2. G. pulex, 9.
G. che1YrffUXi was by far the commonest of the brackish-water species of Gammarus (though the other two species were both present), and penetrated into completely fresh water.
River Camel.
Collections made on May 5, 1935, opposite Egloshayle Church. This locality appears to be near the upper limit of salt penetration.
Pamgnathiaf01'mica, common in salting cliff. Sphaeroma rugicauda, common in salting pools. Gammarus chevreuxi, a few under stones. G. zaddachi, several under stones.
River Towy.
Ferryside and Carmarthen are about 7 miles apart: my collecting was done on August 25, 19~5, half-way between them, on an:extensive salting, intersected by streams coming from high ground to the East. A short distance upstream from this salting, rocky shores came down to L.W.M., near which Cordylophora lacustris grew on the rocks. The locality resembled the Tamar between Clifton and Whitsam.
Heterotanaisorstediif. (jrstedii, 16', about 20n in OOl'dylophol'a It is surprising that Heterotanais orstedii, whose connexion with Cordylophora lacustris has been previously noted by Gurney (1907) , was not found in the far greater quantities of this hydroi~ollected from the Tamar. Gammarus chevreuxi was specially looked for in the Tavy, and therefore may he presumed to be absent. 
Definition.
It is not possible to define the term" Brackish-Water Species" in terms of salinity, since the changes of salinity to which an animal is subject depend as much on its habits as on the position of its habitat along the estuary. It is possible, however, in the fauna of an estuary to distinguish certain species which belong more properly to fresh water (e.g. Gammarus pulex), or to the sea (e.g. G. locusta, G. marinus, Melita palmata, etc.), than to brackish water, although such distinctions are not always clearly marked, and may have only local significance.
If such as these are omitted, there remain 14 brackish-water species of Tanaidacea, Isopoda, and Amphipoda in England, of which I have collected all, except Corophium lacustre, from the south-western estuaries.
Literature.
The most important lists of brackish-water Crustacea in Britain are included in the following papers :- Gurney (1907) ; Rivers Bure, Yare and Waveney, Norfolk. Serventy (1935); River Deben, Suffolk. Omer-Cooper (1916) ; Christchurch Harbour, Hants (Tanaidacea and Isopoda only). Percival (1929) ; Rivers Tamar and Lynher, Devon and Cornwall.
A great number of comparable lists have been compiled for brackish water on the coasts of the Baltic and North Sea. A bibliography of these and a summary of their contents are given by Sick (1933) .
Some of these lists contain errors for which I here suggest corrections, either after examining specimens myself, or on the authority of other writers, or (with less assurance) on circumstantial evidence contained in the original paper.
GURNEY (1907) . Gammarus duebeni refers in part to G. zaddachi, Serventy (1935, p. 292 Poulsen (1932) gives a list of features which he states are characteristic of G. zaddachi:I A number of these were not found in the type material which Mrs. Sexton kindly allowed me to examine, and were not in agreement with statements made in her original description. In particular, Poulsen states that the hind corner of the basal joint of the fifth pereiopod is pointed: I have always found it rounded. Further that the urosome of G. zaddachi is not hairy. I have found it always hairy and sometimes, as in the type German material, very hairy. Possibly Poulsen was examining some other species.
Gammarus duebeni is a very stout species, and usually of a muddy greenish-or reddish-brown colour.. G. zaddachi is more slender, and its colours are more clear. The length and density ofthe setae on the antennae, limbs, and urosome of G. duebeni are very variable, as in G. zaddachi, but there are never more than a few small tufts of hairs (not graduated) on the basal joint of the first antenna.
I am not able to distinguish between the habitats of the three brackishwater species, G. chevreuxi, G. duebeni, and G. zaddachi. I found all three in every sort of brackish water in the rivers investigated, and sometimes one and sometimes another penetrated farthest upstream. I found all in fresh water-G. chevreuxi in the Taw; G. zaddachi in the Taw (Braunton Marsh), the Tavy (Blaxton Creek), and the Avon at Tewkesbury; G. duebeniup to 200 ft. above sea-level in streams running into the English Channel at Kynance, Cornwall, and nearby, and in similar situations in Anglesey.
:
There is a great deal of investigation still nbeded into the systematics, ecology, and physiology of Gammarus, even of the British species. I
